Tumor lysis syndrome is uncommon in solid tumors but with the use of immunotherapy (checkpoint inhibitors) their incidence is increasing. Physicians need to take adequate precautions while treating patients with immunotherapy. The findings of our case report will help improve our current understanding of tumor lysis syndrome specially in solid tumors and will help in developing multidisciplinary treatment and prophylaxis strategies for this uncommon, but potentially fatal complication.
| INTRODUCTION
Tumor lysis syndrome is an oncological emergency, which occurs as a result of breakdown of tumor cells after initiation of therapy leading to hyperkalemia, hyperuricemia, and release of cytokines in the body causing alterations in the normal cellular milieu. 1, 2 More than half of the cases of tumor lysis are associated with hematological malignancies. However in the era of modern immunotherapy specially with tyrosine kinase inhibitors, their incidence is increasing. 3, 4 Cairo and Bishop classification has been used to diagnose tumor lysis syndrome, which includes clinical and laboratory definitions. 5 Laboratory Tumor lysis syndrome is defined as two or more of the following-uric acid above 8 mg/dL or 25% above base line, phosphate above 4 mg/dL or 25% above baseline and calcium below 7 mg/ dL. Clinical tumor lysis syndrome is defined as the above plus one or more including seizure, raised creatinine, cardiac arrhythmias, or sudden death. Overall mortality can be as high as 79%.
| CASE SUMMARY
A 37-year-old woman with a past medical history of hypertension, biopsy-confirmed metastatic ( Figure 1 ) clear cell renal carcinoma (metastasis to lung and liver), started on pembrolizumab-axitinib (200/5 mg) 8 days ago presents from the outpatient cancer center complaining of fatigue and palpitations. On presentation, vital signs were blood pressure 98/70 mm Hg, pulse 118 bpm, respiratory rate 22, and temperature 98.6 F. Physical examination was significant for a nonobese female in acute distress, tachycardic with mild abdominal tenderness. Laboratory findings revealed potassium of 6.5 mg/dL, uric acid of 11.2 mg/dL, serum calcium of 8.8 mg/dL and serum creatinine of 1.5 mg/dL. Prechemotherapy laboratories were potassium 4.2 mg/dL, uric acid of 6.3 mg/dL, and calcium of 10 mg/ dL (Table 1) . EKG revealed sinus tachycardia with peaked T waves, and chest X-ray was normal. The patient was admitted to the intensive care unit due to concern for tumor lysis syndrome. She was started on intravenous fluids, calcium gluconate, allopurinol, and insulin drip for hyperkalemia.
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On the second day of admission, uric acid was 7.0 mg/ dL, potassium 5.2 mg/dL, and creatinine at 1.5 mg/dL. She became short of breath and hypoxic. Oxygen saturation decreased to 86% on room air, and respiratory rate was 26 bpm. Follow-up chest X-ray revealed a diffuse infiltrate in the lungs concerning for acute respiratory distress syndrome (ARDS) and CT scan to rule out pulmonary embolism was negative.
She was subsequently intubated and stabilized on mechanical ventilatory support.
By day 3, her laboratory findings revealed normal sodium, potassium, and uric acid levels. Her creatinine level was around 1.7 mg/dL. However, she continued to require high ventilatory support, developed a sudden cardiac arrest, and subsequently passed away. The cause of her death was attributed to ARDS. F I G U R E 1 CT images showing lung metastasis (blue arrows), pleural-based metastatic nodule (green arrow), large liver metastasis (red arrows), and a large approximately 10 × 9 cm left renal mass (black arrows)
On day of admission
Before treatment 
We describe a patient with metastatic renal cell carcinoma started on pembrolizumab-axitinib-based therapy who developed tumor lysis syndrome within 8 days of initiation of therapy. To our knowledge, this is one of the fewer descriptions of this combination causing tumor lysis syndrome. Pembrolizumab is a anti-PD-1 drug, and axitinib is a tyrosine kinase inhibitor affecting VEGF receptors 1,2, and 3. It is believed that check point inhibitors like pembrolizumab lead to activation of T-cell-mediated cytokines destruction of tumor cells, thereby causing all the parametric changes. 6, 7 Pembrolizumab-Axitinib has been recently approved by FDA as the first-line treatment for advanced and metastatic renal cell carcinoma. Approval was based on the Keystone-426 trial, a randomized, multicentric trial. The trial demonstrated a statistically significant improvement in overall survival in patients treated with the above combination versus those treated with sunitinib. 8 Pembrolizumab has also been used in metastatic cervical, endometrial, squamous cell lung cancer, and melanomas. 9 The major adverse reactions associated with pembrolizumab include peripheral edema, fatigue, headaches, hypokalemia, hypoglycemia, hypomagnesemia, and diarrhea. 9, 10 Tumor lysis syndrome is an oncological emergency that is caused by massive lysis of tumor cells with release of potassium and phosphate into the systemic circulation.
Although there is general consensus that tumor lysis syndrome represents a set of metabolic complications that arise from treatment of rapidly proliferating neoplasm, there have been few attempts to specifically define them. Cairo Bishop definition, proposed in 2004, has been widely used for defining tumor lysis syndrome. It also includes a grading system to identify the severity of tumor lysis syndrome. 11 Cairo Bishop Definition includes two major categories which includes the following:
• Laboratory tumor lysis syndrome-Defined as any two or more abnormal serum values of the parameters mentioned below within 3 days before or 7 days after institution of chemotherapy ( Table 2 ). • Clinical tumor lysis syndrome-Defined as laboratory tumor lysis syndrome plus one or more of the following that was not directly or probably attributable to a therapeutic agent: increased serum creatinine, cardiac arrhythmias/ sudden death, or a seizure.
Risk factors that need to be taken into consideration while identifying tumor lysis syndrome include-chemosensitivity of the tumor, burden of the disease which includes size more than 10 cm, bone marrow involvement and pretreatment hyperuricemia and hyperphosphatemia. An expert panel identified prophylaxis recommendations based on tumor lysis syndrome risk mentioned in detail (Table 3 ). 11 Low-risk patients can be managed with aggressive intravenous hydration with or without allopurinol, while rasburicase is recommended for high-risk patients.
Hematological malignancies are most frequently associated with tumor lysis syndrome. In a systemic review of 387 adult patients showed that Acute leukemias which includes Acute myeloblastic leukemia and Acute Lymphocytic leukemia constituted 27 and 19 percent of patients who were at risk or who developed tumor lysis syndrome. 12 Solid tumors were present in <1%. 12 Solid tumors associated with tumor 12 In a recent systematic review of tumor lysis syndrome in solid malignancies, GU cancer was present in approximately 7% of the cases, all the reported cases received chemotherapy.Overall mortality rate was around 70%. 13 To improve our understanding, we reviewed cases of tumor lysis syndrome in patients with renal cell cancer receiving immunotherapy (Table 4 ), the mean age was 64 years, tumor lysis syndrome was seen between 2-14 days of treatment. The most striking feature of this review was that all the cases including our case had fatal consequences, thereby showing a mortality rate of 100%. 7 Despite the above preventive measures, 3%-5% of the patients will develop tumor lysis syndrome, which include laboratory and/or clinical evidence of tumor lysis syndrome as defined by Cairo Bishop classification. 13 Differentials that need to be considered or that can mimic tumor lysis syndrome include renal failure secondary to nephrotoxic drugs or acute tubular necrosis, medications like thiazides causing hyperuricemia, ACE inhibitors, and potassium-sparing diuretics (spironolactone) causing hyperkalemia.
Unlike tumor lysis syndrome in hematological malignancies its cause in solid tumors is not well understood. The pattern of tumor lysis syndrome in solid tumors is variable. This may explain why the mortality associated with tumor lysis tumor is higher than in hematological malignancies. 12, 13 The findings of our case report will help improve our current understanding of tumor lysis syndrome specially in solid tumors and will help in developing multidisciplinary treatment and prophylaxis strategies for this uncommon, but potentially fatal complication. The importance of being cautious while dealing with newer immunotherapy agents has been reiterated with this case report.
| CONCLUSION
Our case is unique and possibly the first description of pembrolizumab causing tumor lysis syndrome. In addition to this, tumor lysis syndrome in solid tumors is uncommon, but with the increasing use of immunotherapy combinations physicians should pay attention to rising rates of tumor lysis syndrome in solid tumors which have potentially fatal consequences. 
